Objective: To determine current methods of arthroscopic skills training and proficiency assessment, identify skills considered fundamental to arthroscopy, and evaluate desire for a formal training and assessment program. Study design: Anonymized electronic survey. Sample population: Diplomates and residents of the American College of Veterinary Surgeons (ACVS) and European College of Veterinary Surgeons (ECVS). Methods: An electronic survey was distributed in commercial software (Qualtrics, Provo, Utah). Questions were divided into 4 categories: (1) demographics, (2) arthroscopy experience, (3) teaching, and (4) proficiency assessment. Descriptive statistical analysis was performed. Comparisons between groups were performed by using χ 2 , t tests, and 1-way ANOVA (P ≤ .05). Results: In total, 429 diplomates and 149 residents responded (response rate 28%). Overall, 80% of respondents trained using clinical cases. Barriers to simulator training included cadaver/simulator availability and time. Skills deemed most fundamental included anatomic knowledge, precise portal placement, triangulation, and image orientation. Overall, 90% of respondents supported a formal training program with requirement to demonstrate proficiency; 80% believed this should be part of standard ACVS/ECVS residency training. Conclusion: Arthroscopic skills are taught by using clinical cases, with subjective proficiency assessment. Fundamental skills are those that may be taught using simulators. There is enthusiasm for formal arthroscopic skills training and assessment. Clinical significance: Improved acquisition and assessment of fundamental arthroscopic skills is indicated. A validated methodology for formal training using simulators, minimizing morbidity, and facilitating objective evaluation is warranted. This is the first phase of a project to develop and validate a simulator program.
| INTRODUCTION
Arthroscopy is a commonly performed diagnostic and therapeutic procedure in small and large animal surgery. 1 Arthroscopy has been shown to reduce postoperative pain, wound complications, and hospitalization time, providing a more rapid return to function compared with arthrotomy. [2] [3] [4] [5] [6] Additional advantages such as improved magnification and illumination are likely responsible for the improved rate of detection of meniscal tears in dogs undergoing arthroscopic evaluation. 7 Residents enrolled in American (ACVS) and
European College of Veterinary Surgeons (ECVS) training programs are currently required to complete a minimum total of 23 and 30 arthroscopic procedures, respectively, in small animals (SA) and 35 and 45 such procedures, respectively, in large animals (LA). 8, 9 The understanding of how surgical trainees acquire surgical skills is still in its infancy. In both human and veterinary surgery, surgical skills appear to be most commonly taught by using the "apprenticeship-type model"; that is, the trainee learns in the operating room on clinical cases under direct supervision. 1, 10 This model is neither cost nor time efficient and may lead to increased patient morbidity. 11 In a survey of ACVS residents, only 73% of LA residents and 67% of SA residents documented their arthroscopic training program as adequate. 10 Exposure to alternative teaching methods is variable, and there is growing enthusiasm for a more structured overall residency training program. 10 There is mounting consensus within human and veterinary surgery that a standardized and validated simulator training program with demonstrated competency to complement the apprenticeship training method should be established and that is it is no longer acceptable to practice on patients. 12, 13 Arthroscopy has a steep learning curve; it has been shown that the degree of previous surgical experience in open surgery does not correlate with proficiency in minimally invasive surgical skills. 14 Skills required to perform arthroscopic surgery differ in many ways from those of open surgery, specifically in visual-spatial coordination and the requirement for equal dexterity in both hands. Arthroscopy is ideally suited for simulation training because the required dexterity and basic skills are best acquired through physical instrument handling. 15 Fundamental laparoscopic surgery, a web-based education module designed for human surgical residents to learn, practice, and objectively document their laparoscopic skills, has been endorsed by the American College of Surgeons. A Fundamentals of Arthroscopic Surgery Training program was developed in 2011 as a collaborative effort between the Arthroscopy Association of North America, American Academy of Orthopaedic Surgeons, and American Board of Orthopaedic Surgery. However, this program has yet to be formally adopted by any residency program in human surgery. 16, 17 Anecdotally, there has been a groundswell of support among veterinary arthroscopists in both the United States and Europe for a project to develop, validate, and formally adopt a simulator program for training and assessment of arthroscopic skills. However, it remains to be seen whether this view is representative of the specialist veterinary surgery training organizations and the community as a whole. The objectives of this study were (1) to determine current methods of arthroscopic instruction and proficiency assessment in small and large animal surgery residency programs, (2) to assess the skills that diplomates and residents perceive as fundamental for learning arthroscopy, and (3) to determine whether there is the desire among diplomates and residents to implement a formal training and assessment program for arthroscopic skills.
The first hypothesis was that most respondents would report that arthroscopic skills are primarily taught by using clinical cases in the apprenticeship model, with minimal simulator training. The second hypothesis was that the skills that most respondents would consider fundamental for arthroscopic proficiency are those that can largely be taught using simulators. The final hypothesis was that the majority of diplomates and residents would support the development and implementation of a formal training and assessment program for arthroscopic skills.
| MATERIALS AND METHODS

| Data collection
The study was exempted from full ethical review and conducted in accordance with the University College Dublin Human Research Ethics Committee guidelines. An electronic survey was designed in commercial software (Qualtrics, Provo, Utah). The survey was distributed to all ECVS diplomates and ECVS residents using the ECVS database and to ACVS diplomates and residents for whom email addresses had been collected manually. ACVS program directors were encouraged to forward the email containing an anonymous survey link to ACVS diplomates and residents. The anonymity of participants was preserved. Responses were included in the analysis if the survey was completed within a predefined 4-week period in March and April 2017.
The entire survey (Appendix) comprised 40 questions. Questions were organized into 4 categories: (1) background information and demographics of the study population, (2) arthroscopic experience, (3) teaching techniques, and (4) assessment techniques. By using skip logic, the questions displayed were customized to each individual respondent, depending on their previous answers. Therefore, the overall number of questions varied for each participant. Participants could navigate backward and forward and alter their answers prior to final submission. Each question contained an option "other" in which participants could provide freehand text feedback.
| Statistical analysis
Quantitative data were reported by using descriptive statistical analysis, percentage (frequency) of response, or mean (±SD). Comparisons were made between diplomates and residents by using a χ 2 test; responses were analyzed for differences in species focus (LA, SA), certifying organization (ACVS, ECVS), and practice type (academia, private practice, or combined academia and private practice). Responses of diplomates were analyzed for difference in experience level (≤ 20 years, > 20 years). Large animal and LA equine-specific were analyzed together. Comparisons between groups were performed by using independent t tests or 1-way ANOVA and post hoc Tukey for pair-wise comparisons. Differences were considered statistically significant at P < .05.
| RESULTS
| Distribution
The survey was known to be distributed 
| Demographics
There was almost equal distribution of diplomates and residents working exclusively in academia (44%) or private practice (49%), with a small percentage (6%) working in both. The majority (64%) of respondents indicated SA as their primary species focus; 36% indicated LA as their primary species focus, 29% of which were equine specific. First-year residents constituted 31% of participating residents, second-year residents constituted 22%, third-year residents constituted 29%, fourth-year residents constituted 2%, and individuals who have completed surgery residency training constituted 16%. The experience levels of diplomates were less than 5 years (30%), 5-10 years (23%), 11-15 years (17%), 16-20 years (12%), and more than 20 years (18%).
Diplomates with more than 20 years experience were more likely to be working in academia (P = .003). The primary clinical foci of diplomates were general surgery (51%), orthopedics (40%), soft tissue (18%), sports medicine (12%), and oncology (6%). Forty-eight percent of diplomates did not have a resident at their institution, 40% had 1-3 residents, and 11% had more than 3. Diplomates in academia were more likely to have a resident (P < .001). Sixty percent of all respondents were men, and 40% were women; the male: female distribution among residents was equal (P = .238); however, the majority of diplomates were men (P < .001).
Ninety percent of participants were right hand dominant, and 10% were left hand dominant.
| Arthroscopy experience
Large animal diplomates performed more arthroscopic procedures per year compared with SA diplomates as primary surgeon, whether assisted or not by a resident (P = .019 and P = .004, respectively). Resident arthroscopy experience varied significantly among programs, with private practice residents more likely to have observed or assisted in more than 100 arthroscopy procedures from the beginning of their residency compared with those in academia (P = .006).
Although there was no difference between the total number of arthroscopic procedures performed under supervision by residents in academia or private practice (P = .324), private practice residents were more likely to have performed 50-100 procedures as primary surgeon without supervision compared to those in academia (P = .012). No differences were found between the total number of procedures performed by LA and SA residents (P = .082; Figure 1 ). Using clinical impression as the basis, SA diplomates and residents ranked the elbow as the easiest joint on which to obtain proficiency and the tarsus as most difficult (Table 1 ). The mean (±SD) estimated total number of arthroscopic procedures required for a trainee to reach minimal proficiency (ability to perform the procedure from start to finish under supervision) was lowest for the elbow and highest for stifle-therapeutic (Table 2) . Similar findings were observed regarding the estimated number of arthroscopic procedures required to reach full proficiency (ability to perform the procedure from start to finish without supervision). No difference was found between diplomates and residents or between private practice and academia.
Using clinical impression as the basis, both LA diplomates and residents ranked the fetlock (dorsal) as the easiest joint on which to obtain proficiency and the medial and lateral femorotibial joints as most difficult (Table 3 ). The estimated total number of arthroscopic procedures required for a trainee to reach minimal and full proficiency was lowest for the fetlock (dorsal) and highest for tenoscopy/bursoscopy and the medial and lateral femorotibial joints (Table 4) .
| Teaching techniques
Clinical cases were the most common method of arthroscopic training, with 80% of all respondents having received this type of training more than 10 times (Figures 2 and 3 ). When ranked from 1 (least useful) to 5 (most useful), clinical cases were rated the most useful training method (Table 5) .
Overall, 64% of respondents had participated in an external training course. Large animal diplomates and residents were more likely to have participated in an external training course (P = .004). Small animal residents rated external training courses as more useful than diplomates (P = .007). Barriers to external training courses included expense and time.
Formal cadaveric training was more likely to be performed in academia (23%) vs private practice (9%; P < .001) and in ACVS (18%) vs ECVS (11%) programs (P = .003). There was no difference between SA and LA. Small animal residents rated supervised cadaveric training more useful than diplomates (P = .027). Thirty-four percent of respondents had performed self-directed cadaver training more than 10 times. Large animal diplomates and residents were more likely to have performed self-directed cadaver training than SA diplomates (P < .001) and SA residents (P = .003). Lack of time and supervisor motivation were the main barriers to cadaveric arthroscopic training, in addition to cadaver availability in SA.
Virtual reality, high fidelity (ie, synthetic joint), and lowfidelity (ie, box) simulators were not used as training methods by 91%, 97%, and 70% of respondents, respectively, with no difference between diplomates and residents in species focus or practice type. Only 4% of respondents working in private practice had access to a simulation box, which, when available, was solely for self-directed use. In academia, 27% of respondents had access to a simulation box; however, most respondents used it either less than once per year or never. The primary reason cited for not using a simulation box was availability. Other common responses were preference for cadavers as well as lack of awareness of the use of simulation boxes.
Respondents were asked to rate 14 different arthroscopic skills on the importance of proficiency in this skill prior to performing on a clinical case under supervision ( Table 6 ). The 3 most important skills were knowledge of anatomy, precise portal placement, and triangulation. There was no difference in rank order between inexperienced (< 20 years of experience) and very experienced (≥20 years of experience) arthroscopists. 
| Assessment techniques
Sixty percent of residents and 56% of diplomates believed residents should demonstrate full proficiency (ability to perform a procedure from start to finish without supervision) in basic procedures by completion of residency training. Large animal diplomates were more likely to expect full proficiency in basic procedures compared with SA diplomates (P = .006). Feedback provided from supervisor to trainee was mostly verbal and informal (92%). Ten percent of residents reported receiving no feedback, whereas no diplomate reported not giving any feedback (P < .001). Verbal, informal feedback was ranked as the most useful type of feedback, followed by verbal and formal. Except for no feedback, written objective feedback was considered least useful. Eighty-one percent of respondents reported performing subjective proficiency assessment on clinical cases, 45% on cadavers, and 10% on simulation box training. Only 9% reported objective proficiency assessment on clinical cases, and 4% reported objective proficiency assessment on cadavers.
In contrast to the findings that we have discussed, 90% of respondents indicated that there should be a formal training program for arthroscopy, with required demonstrated proficiency. Eighty percent indicated that such training should form part of residency training, with 48% preferring that it be mandatory vs 33% preferring that it be elective. Nine percent specified that formal arthroscopy training with objective assessment could take place in a postresidency fellowship. There were no differences in these results among residents, diplomates, species focus, certifying organisations, and types of practice. Seventy-seven percent advised that arthroscopic training should be driven by the certifying organisations (ACVS/ECVS). Among the 10% of respondents that did not believe in formal training with required demonstrated proficiency, 43% reported that the current model works well, and 23% reported concerns about additional expense. The main limiting factors for implementation of such a program were simulator availability, supervisor time, and supervisor motivation (Table 7) .
Supervisors reported resident motivation as a limiting factor; conversely, residents reported supervisor motivation as a limiting factor. Sixty-eight percent of diplomates and residents stated that residents should undergo a practical test for arthroscopy proficiency, with 47% suggesting continuous assessment and 21% suggesting a single test as a part of or separate to the certifying board examination. The majority (70%) of respondents in favor of continuous assessment preferred that it be performed at the training institution by the Frequency of training methods in large animal arthroscopy (diplomates and residents).*Statistically significant. Large animal diplomates and residents were more likely to have performed self-directed cadaver training than small animal diplomates and residents (P < .001) supervisor. For those who preferred a single test, the majority (84%) suggested that it be administered and scored by an independent observer either at the institution (50%) or an independent testing center (35%).
| DISCUSSION
This study provides information on current teaching practices and methods of assessment of arthroscopic skills in veterinary surgery residency programs, offering a basis for developing structured models of residency training. The apprenticeship model is the most common training method across all surgical residencies. Currently, the completion of the required case log is the only requirement for residency training, with objective grading of proficiency rarely, if ever, performed. Although there is limited appreciation of the value of simulator training, most of the arthroscopic skills that are perceived as most important are those that can be taught effectively with simulators. 16, [18] [19] [20] [21] [22] The majority of respondents support the implementation of a formal training program for arthroscopy, with the requirement for proficiency demonstrated on examination or assessment. This study could be viewed as a gap analysis, that is, an attempt to understand current vs desired training practices. At initial glance, most respondents appear satisfied with current methods of teaching that use clinical cases and provide subjective verbal feedback. Similar results have been published in the veterinary literature for general surgical skills, in which diplomates and residents rated the apprenticeship model as the most effective training method. 10 In our study, in spite of this expected and reported satisfaction, the majority of respondents declared that they did in fact favor a more formal training program with objective proficiency assessment. The reasons for this disparity between satisfaction with current practices and desire for more formal training and assessment remain unclear. Although multifactorial, the perceived time and cost associated with setting up such a program are the likely primary reasons why most respondents deem current methods effective while simultaneously accepting that a more structured and objective teaching technique would be preferable. The results of this survey indicate that both SA and LA residency programs use primarily clinical patients for teaching arthroscopy. Although convenient, this approach has several limitations, namely increased patient morbidity, decreased operating room efficiency, and increased cost.
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In the human field, the value of simulators for the acquisition of basic technical skills outside the operating room has come sharply into focus with concerns for patient safety. The trainee must already be proficient in basic technical skills before performing procedures in the operating room in order to minimize patient risk. [23] [24] [25] [26] [27] A simulation program can complement traditional supervised clinical training by permitting acquisition of technical skills in a low stakes environment, reducing the number of clinical cases required for proficiency. [25] [26] [27] Although simulators allow for teaching and assessment of technical skills, whether this actually translates to improved proficiency in the operating room (transfer validity) has yet to be determined. 17, 28, 29 Investment in simulation programs, however, has been shown to result in cost savings due to shorter operating times and reduced patient morbidity. [30] [31] [32] The majority of SA and LA diplomates and residents stated that at the completion of a residency program, full proficiency (defined as ability to perform a procedure from start to finish without supervision) in basic procedures is expected. However, the number of procedures required to fulfill the ACVS or ECVS residency training requirements are considerably lower than the perceived minimum number of cases required to gain full proficiency in even the easiest joint in dogs and horses (28 and 19 cases, respectively). To complicate matters further, arthroscopic skills acquired in a specific joint may not be transferable to other joints. 33 This contradiction suggests that this gap should be filled either with more cases or with the use of simulators, at least for training basic skills. It appears that both diplomates and residents vastly underestimate the number of cases that are required to achieve full proficiency in even the most difficult of procedures compared with similar surveys in human medicine. For comparison, in man, 170 procedures are required to obtain consultant-level proficiency in diagnostic arthroscopy of the stifle joint. 34 The difference in perception of proficiency in arthroscopy between veterinary and human surgeons would suggest a requirement for improvement in either residency or fellowship veterinary training programs. Although many of our respondents were not explicitly in favor of simulator training, 3 of the top 5 skills that they reported as fundamental to arthroscopy (triangulation, correct image orientation, and use of an angled scope and light source) have been shown to be easily acquired through training with even the most basic of simulators, 16, [18] [19] [20] [21] [22] and the remaining 2 skills (knowledge of normal anatomy and precise portal placement) can be acquired with high fidelity simulators such as cadavers. 12, 35 The overall lack of availability and use of simulators reported in this study suggests that there is limited appreciation of the types and merits of simulator training along with concerns regarding financial and time investment. 24 The results of the survey strongly support the introduction of structured simulator training in veterinary residency programs, as has recently been developed for laparoscopic training. [36] [37] [38] [39] [40] [41] Our results also suggest that external training courses that used simulator training were highly valued by the majority of participants, although they were not attended because of lack of time and cost. In human surgery, training courses that use mainly simulators are included in the orthopedic surgeon curriculum of some faculties. 42 A recent study provided evidence that a standardized 4-day arthroscopy training curriculum could objectively improve basic arthroscopy proficiency. 22 Similar intensive training courses at an early stage may be considered as a part of a more structured veterinary surgical training program. This may, however, raise issues in veterinary surgery as residents' working hours become an increasing concern. 43 One of the goals of the survey was to investigate how proficiency is assessed during the residency program. From the perspective of the certifying organizations, proficiency in arthroscopy is assessed solely on the completion of a minimum number of procedures as part of a case log. Our results provide evidence that proficiency in arthroscopic procedures is most commonly assessed by direct observation in the operating theatre on a live clinical patient, with provision of subjective verbal feedback. However, the majority of those surveyed reported that they are in favor of more formal proficiency assessment. Several assessment scales have been developed for proficiency assessment on clinical cases, cadavers, and simulators in human surgery; however, no assessment scale has been proved superior to any other. 44, 45 A validated veterinary surgery assessment scale has not yet been developed for arthroscopic skills assessment. Development and use of an adapted assessment scale for simulation training and for clinical cases would permit standardization of program evaluation. Additional studies are required in veterinary surgery to describe and validate an assessment scale for arthroscopic skills.
There are several limitations to this study. The responses were subject to recall and largely relied on subjective opinion, leading to possible bias. Although all diplomates and residents of any subspecialty of veterinary surgery were welcome to respond, it is likely that those with a particular interest in veterinary arthroscopy were more likely to participate. All ECVS diplomates and residents received the electronic survey; however, the contact details of members of the ACVS had to be collected manually and are, thus, considered incomplete. The overall response rate of 28% could be qualified as low, although this is comparable to most similar electronic surveys. 35, 46 In conclusion, the results of this survey provide evidence that arthroscopic skills training should form an integral part of resident training. There is interest in the development of a formal training curriculum with required proficiency assessment within the confines of the surgical residency training program. The main barriers include availability of training equipment, time and motivation of the supervisor, and lack of funding, some of which may be overcome with low cost box simulators. The results of this study support a long-term project to develop and validate a simulator-training program and methods for objective proficiency assessment for skills in veterinary arthroscopy.
